The status of native floral diversity in Mt. Manunggal, Cebu Island, the Philippines in relation to environmental factors and alien plant invasion has not been recorded and published. To assess factors influencing native plant communities in Mt. Manunggal, a vegetation survey of native and alien plants, as well as selected environmental variables at two sites (Site 1-invaded plot; Site 2-adjacent uninvaded plot) were measured, and anthropogenic disturbances observed using a t-test, regression analysis, and Pearson correlation. For each site, selected environmental parameters, as well as native and alien plant abundance and diversity, were determined last October-November, 2016. There was also a characterization of sites with respect to anthropogenic disturbances. Altitude (t= -14.11, p=0.000), soil temperature (t=2.68, p=0.014), and light intensity (t = -2.61; p=0.016) significantly differed between study sites due to the complex topography and geology of Mt. Manunggal, the variation in floral cover, and degree of anthropogenic activities. Among all environmental factors at both sites, altitude was highly positively correlated to alien plant abundance (r=0.709; p=0.000) at Site 1 while native plant abundance at Site 2 was negatively correlated with soil pH (r=-0.579; p=0.003). There was an apparent domination of alien plants in terms of species richness and abundance at both sites and this could have significantly affected native plant abundance. The strong correlation of environmental parameters to alien plant invasion could favor the continued dominance of alien plant species, resulting in a further decrease of native species.
Introduction
Plant diversity patterns and composition can be influenced by several abiotic and biotic factors at different spatial scales. At local scales, plant diversity and composition are influenced by geophysical factors (i.e., soil, topography), land use, and biotic interactions. At regional scales, plant communities are influenced by climatic factors and biogeographical processes such as the action of pollinators and dispersal patterns. 1 Islands nations like the Philippines tend to have high endemicity than countries in continental landmasses. However, these islands are also more vulnerable to biological invasions. [2] [3] [4] Biological invasions affect biodiversity worldwide. [5] [6] As ecosystems are unceasingly degraded by anthropogenic activities, biological invasion studies became a mainstream discourse in improving our knowledge of propagule pressure, assembly time, and invasion patterns of invasive alien species (IAS), including the substantial progress in understanding the mechanisms of invasion processes. [6] [7] Invasive alien plants (IAPs) are species which can be introduced intentionally or unintentionally. 2, 8 In the Philippines, Sinohin and Cuaterno documented around 475 IAPs that have been introduced since the prehistoric times. 9 The introduction of IAPs originated in Malayan-Polynesian terrestrial boundaries during the Spanish-American regime (via Acapulco trade) which may have included some common agricultural crops. 2, [10] [11] When these IAPs are introduced intentionally, there could also be the unintentional introduction of detrimental species such as weeds, and pathogens in the soil. 8, 12 Suitable environmental factors and escalating anthropogenic pressures provide novel opportunities for IAPs to proliferate, leading to adverse changes in the soil dynamics, native floral composition, and other ecosystem processes. [13] [14] Where these IAPs proliferate, displacement, and in worst cases, extinction of native plants is observed as a result of nutrient competition among edaphic biota and introduction of new parasites and pathogens. 8, 12, 15 In order to obtain more information on how native plant communities respond to environmental factors and the proliferation of IAPs, these objectives were carried out in the forested areas of Mt. Manunggal, Cebu Island, Philippines:(a) measure and compare the different environmental factors (altitude, light intensity, soil pH, soil temperature, rainfall and relative humidity) at invaded plot (Site 1) and adjacent uninvaded plot (Site 2) sites of Mt. Manunggal, Cebu Island, Philippines; (b) determine the impacts of selected environmental factors to native and IAPs between Site 1 and Site 2 and (c) determine the impacts of IAPs on native floral species.
Materials and Methods Study Area
Mount Manunggal is located on the steep mountainous region of Balamban, Cebu Island, Philippines. 19 It has a total area of 500 hectares at 10°27'39.41 "N latitude and 123°46'50.72 "E longitude ( Fig. 1 ). Since its announcement as part of the Central Cebu Protected Landscape (CCPL) under Republic Act 7586, the National Integrated Protected Area Systems (NIPAS) Act, Mt. Manunggal has undergone numerous changes and disturbances16. Coolest temperature recorded was 17˚C, and the hottest was 32˚C; maximum annual rainfall peaked at 401.2 mm but averaging only 210.8 mm. 17 The place is dominated by alternating hills, with soils that have tertiary basic igneous rocks and volcanic ashes. 18 A gratuitous permit was secured from the Department of Environment and Natural Resources-Region VII (DENR-Region VII) before the conduct of the study.
Site Selection and Sampling Site Establishment
A reconnaissance survey was conducted to observe the physical environment, plant species, and anthropogenic activities in Mt. Manunggal, Cebu Island, Philippines. Two (2) study sites (Site 1 and Site 2) were chosen based on comparable elevation, edaphic and climatic factors and the magnitude and intensity of anthropogenic activities. 20 Site 1 (invaded plot) is a campsite with more anthropogenic activities occurring in the area. Site 2 (adjacent uninvaded plot) is found at the peak of the mountain, where anthropogenic activities are less rampant. A 100m x 50m area was established in each study site, where three (3) 100m-transect lines were positioned with a distance of 10m from each other. Four 20m x 20m quadrats in each transect were laid out alternately from left or right with a 20m interval to randomly cover each study site. A total of 24 quadrats from the six (6) transects were randomly selected for sampling.
Floral Assessment
A Descriptive Survey Design or a total count or census of all the plant (native and IAPs) population was employed using a Transect-Quadrat Method. 21 The name of each plant species and the presence and the type of anthropogenic activities were identified per quadrat. Environmental parameters (altitude, soil pH, soil temperature and light intensity) were identified 'in situ' to determine its impacts to native and alien species abundance and diversity.
Nomenclature
There was no collection of alien and native plants performed at both study sites. Most of the plant species were identified in the field with the help of key informants/local villagers. Plants identified were confirmed based on standard taxonomic guide for native and alien plants: 
Vegetation Analysis
To determine the taxonomic richness, evenness, and diversity of alien and native plant species, the following formula was used:
Species abundance = (Total # of species A/ Total # of all species) x 100 where: ln = the natural logarithm; S= the number of species encountered.
Species richness = no. of species found in each quadrat;
For species diversity, Shannon-Wiener Index (H') was used 22 :
where: ni= number of individuals; N= total number of species
To calculate Simpson's Index of Diversity, the formula used was:
where: ni= number of individuals; N= total number of species To calculate evenness, the following were employed: H max = and where: ln = the natural logarithm; S= the number of species encountered 23 Ƒ= H/H max where: H= Shannon's Index (Pielou, 1966) 
Regression Analysis
To test the relationship between alien plant species abundance as predictors and native plant species abundance as the response variable, regression analysis was also employed, following the formula:
partial regression coefficients of the predictors Furthermore, a t-test was used to measure and determine the significant difference of environmental parameters in both sites. Pearson correlation analysis was utilized to test the relationship between the environmental parameters of both sites. It was also employed to reflect the correlation between environmental to native and alien plant compositions. All data were subjected to Minitab Version 17. Table 1 shows that except for soil pH, all other environmental factors such as altitude (t = -14.11, p=0.000), soil temperature (t=2.68, p=0.014), and light intensity (t = -2.61; p=0.016) significantly differed between study sites. Site 2 was located in a significantly higher elevation than Site 1. With an 
Results and Discussions Environmental Factors
Soil pH -----0.679* 0.015 -0.671* 0.017 -0.605* 0.037 -0.428* 0.037 -0.579** 0.003
Remarks: *** Correlation is significant at the 0.001 level (2-tailed) **Correlation is significant at 0.01 level (2-tailed) * Correlation is significant at the 0.05 level (2-tailed) --Correlation is not significant increase in elevation, soil temperature significantly decreased (r= -0.441, p=0.031), while soil pH and light intensity increased (r=0.859, p=0.038; r=0.480, p=0.017, respectively). These relationships could be attributed to the complex topography and geology of Mt. Manunggal, the variation in floral cover, and degree of anthropogenic activities ( 6, 25 In the first stage of invasion, anthropogenic activities (e.g. land tillage, trade, and tourism) determine the fate of introduction of IAPs in lower altitudes. 6 Residence time and propagule pressure are factors in terms of introduction and establishment of IAPs in its newest environment. The longer the residence time of species in the region, the more propagules are gradually established in an area. 6, 26 This increases the probability of founding the new population in the site. 6 An abundance of IAPs in Mt. Manunggal can be attributed to suitable environmental factors which are present at higher altitudes. [26] [27] Table 3 , which has brought social and economic benefits to many people, can contribute to an increased abundance of IAPs, thus facilitating 'invasional meltdown' in the whole ecosystem. 28 Shannon diversity index (H') measures the degree of uncertainty in a sample area. If the diversity is low, the certainty of picking a particular species at random is high. If it is high, it is then difficult to predict the identity of a randomly picked individual. This implies that the higher the resulting value, the more diverse the site is; high diversity means high uncertainty. H' includes both species richness and species evenness. Therefore, it allows knowing not only the number of species but how the abundance of the species is distributed among all the species in the community. Site 2 had a higher Pielou's evenness (PE) index of (PE= 0.73) compared with (PE=0.67) for Site 1 ( The observed distribution of both IAPs and native plants with respect to altitude vary depending on their biogeographical origin and environmental tolerance, as presented in similar investigations on islands worldwide. [31] [32] Studies have confirmed that species abundance, richness, and diversity respond to altitudinal gradients. [33] [34] The abrupt decrease or increase of IAPs and native plant occurrence along the gradient confirmed that altitude is a key factor in facilitating or hindering invasive alien invasion. 35 Arteaga et. al. showed that tropical and subtropical plant species are always more abundant along increasing altitude. 36 Altitudinal distribution of both native and alien plant species is largely related to environmental stress gradients, dependent on altitude. 37 The success and impacts of alien species also depend on their biological attributes, the environmental characteristics of the ecosystem and the biotic interactions with the receptive community. 26 Alexander et. al. confirmed that most alien plant species first arrive at low altitudes, where anthropogenic propagule pressure is greatest, and spread upward from there, either naturally or through human-mediated activities. 38 The progressive addition of species, where the species found at high altitudes are those with the widest ranges that also occurred at low elevations. 39 Results in Table 5 shows that with an increase in elevation, soil temperature significantly decreased (r=0.441, p=0.031), while soil pH and light intensity increased (r=0.859; p=0.038; r=0.480;p=0.017, . 13(3) , 390-402 (2018) respectively). The higher richness of IAPs in Site 1 could be because the majority of IAPs are best suited to soils with warmer temperature to allow seed germination and seedling emergence, [41] [42] pollination 40 and vegetative development (node and leaf appearance rate), root development, node formation, and leaf surface formation. 43 Soil pH did not significantly differ in both sites. Soils were generally acidic which resulted in a negative correlation with native and alien plant species in both sites (r=-0.428; 0.037; r=-0.579, p=0.003) (Table 1) . Tropical forests soils are generally thin and acidic. 18, 44 These relationships could be attributed to the complex topography and geology of Mt. Manunggal, and the variation in floral cover, and degree of anthropogenic activity at both study sites.
The significant negative correlation of light intensity to IAP abundance of Table 5 at Site 2 (r= -0.795, p=0.002) was expected since it is located at higher altitude. Depending on the size and type of plant, the amount of available moisture, the relative humidity, and a myriad of other modifying factors, full exposure to the sun can damage plants. [45] [46] Physiologically, too much light would result in disturbed photosynthetic process, cellular respiration and stress on its biological and physiological rhythms which decreases the IAPs in forest ecosystems. 47 Plant's vegetative structure can also be affected, specifically in lesser root density, stunted stem growth, and arrest in fruit and seed formation. 48 In other cases, some of the IAPs appear to be better suited than native plant species or vice versa in Table 7 and Table 9 where F (1,10)=9.67, p= 0.015, R2 = 49.18%, R 2 adjusted = 44.21%) and (Coef=0.0.0348; SE Coef= 0.0097; t=2.91; p=0.015; VIF=1.00). Studies of past introduction demonstrate that the effects of IAPs are complex and can permanently alter the structure of communities. 51 IAPs pose a threat to native plant communities globally, especially where these communities are disturbed. 52 Site 1 serves as the point of entryway for the introduction and establishment of alien plant species. 53 In animal domestication, animals consume grasses and fruits and even act mainly as seed dispersers, which assist in pollen and seed dispersal. 54 Kolb et. al. also justified 'abaka'-making and fencing as effective transporters of IAPs in sites which are highlydisturbed by animals and humans. 55 For example, species of Axonopus compressus, Elephantopus mollis, and Ageratum conyzoides seemed to be the top IAPs at a global scale as shown in the study by Dogra et. al. 54 These herbaceous plants are also stoloniferous and runners which rapidly spread out in the area once it is introduced and finally adapted with the environment. 56 These plants also possess dense masses of broad-leafed seedlings which can grow in areas with sufficient moisture, coupled with warm temperature and moderate light exposure. 6, 39, [49] [50] These IAPs are responsible for extensive and unpredictable irreversible changes to the natural habitats in different continents worldwide. 57 For example, L. camara, which originated in Tropical America, has become common throughout the country in the forests, plantations, agricultural land, disturbed areas, grasslands, and wetlands, riparian and urban areas. 58
Conclusions and Recommendations
It is clear that invasive alien plants and environmental factors (i.e. altitude, soil temperature, and light) may have negative, positive, or neutral effects on the population success of native plant species. These results could be attributed to the complex topography and geology of Mt. Manunggal, and the variation in floral cover, and degree of anthropogenic activities at both study sites. The vegetation survey revealed domination of alien plants in terms of species richness and abundance at both sites. At Site 2, both alien and native plant abundance responded positively to elevation, and negatively to soil pH and light intensity. At Site 1, only native plant abundance responded negatively to elevation and soil pH. High invasion rate at Site 1 and Site 2 could be attributed to both rampant anthropogenic activities and favorable environmental conditions. If neglected, these alien plants would continue to proliferate in Mt. Manunggal and further threaten the native plants in the forest and grasslands, as well as in nearby areas. Conduct of regular assessments of the negative impacts by alien plants to native floral diversity, enhanced by anthropogenic activities, must, therefore, serve as bases in future directions and implication for restoration and conservation of the remaining forests of Mt. Manunggal, Cebu Island, Philippines. Sustainable biodiversity conservation programs must also be prioritized and conservation biologists, farmers, local villagers, government, and landowners should come together in the planning, implementation, and monitoring of these programs.
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